SYNOPSIS Analysis of five brains from patients with Leigh's disease demonstrates an accumulation of thiamine pyrophosphate and a deficiency of thiamine triphosphate. The enzyme which converts thiamine pyrophosphate to thiamine triphosphate was normally active in two of these brains, suggesting that the inhibitor found in Leigh's disease is probably producing the observed neurochemical changes. Reasons for the histological similarity between Leigh's and Wernicke's diseases are suggested.
Leigh's disease, subacute necrotizing encephalomyelopathy, is a recessively inherited disorder afflicting children of all ages (Pincus, 1972) . The clinical findings are nonspecific and the diagnosis is made byfindingthe typical pathological changes in the brain of the patient or the brain of a similarly afflicted sibling (Montpetit et al., 1971) .
Two patients with Leigh's disease have had a deficiency of the enzyme, pyruvate carboxylase (Hommes et al., 1968; Tang et al., 1972) , but this has not been a consistent feature in all patients with the disease (Grover et al., 1972; Murphy, 1974) . A second biochemical feature of Leigh's disease is the presence of an inhibitor to the synthesis of thiamine triphosphate by brain (Cooper et al., 1969 ). Thiamine appears to inactivate the inhibitor, as treatment of either patients or carriers with large amounts of thiamine effectively reduces the activity of inhibitor in urine (Murphy, 1973; Murphy et al., 1974) .
The reaction which is inhibited is the conversion of thiamine pyrophosphate and ATP to thiamine triphosphate and ADP by a phosphotransferase (Fig. la) . Thiamine triphosphate is also synthesized by liver enzymes, but the inhibitor is specific for the brain enzyme and does not affect the hepatic synthesis of thiamine triphosphate (-20°C) at necropsy. Four patients had the inhibitor in their urine and the fifth patient was not previously studied for Leigh's disease. The pathological diagnoses of a control series of six brains included sudden infant death syndrome, congenital heart disease, and Werdnig-Hoffman disease. In all 11 brains the opposite frontal pole was histologically normal. Generous portions of liver from three patients with Leigh's disease and four controls were similarly frozen at necropsy for thiamine studies.
After variable periods of frozen storage the tissues were thawed and homogenized in water, 1 g/7 ml. Five millilitres of 10% trichloroacetic acid (TCA) was added to 20 ml of this homogenate, mixed and centrifuged (2 000 g for 20 min). After four extractions with equal amounts of ether, the TCA-free aqueous extract was concentrated to 0.4-0.5 ml. Thiamine, thiamine monophosphate, thiamine pyrophosphate, and thiamine triphosphate concentrations were determined by the electrophoretic method of Itokawa and Cooper (1970a) .
CEREBRAL THIAMINE TRIPHOSPHATE SYNTHESIS Large amounts of a cerebral hemisphere from each of two brains of patients with Leigh's disease, the brain of a patient with congenital heart disease, and a bovine brain were obtained within three hours of death. An acetone precipitate of an aqueous extract of these brains was assayed for phosphotransferase activity by a previously described method . The Lowry method was used to measure the soluble protein content of this acetone precipitate (Lowry et al., 1951) .
THIAMINE TRIPHOSPHATASE The conversion of thiamine triphosphate to thiamine pyrophosphate was studied under the same conditions as the synthesis of thiamine triphosphate with two minor modifications: the reaction mixture contained no ATP and 5 jig thiamine triphosphate replaced the thiamine pyrophosphate. Water replaced each reagent in the appropriate controls and the reaction mixture was incubated and assayed as previously described .
RESULTS
CONCENTRATION OF THIAMINE AND ITS PHOSPHATE ESTERS 1. Brain (Fig. 2) There was no difference in the thiamine and thiamine monophosphate concentrations in children with Leigh's disease or controls (P < 0.4 and P < 0.2, respectively). The thiamine pyrophosphate values were higher in Leigh's disease brains, despite some thiamine triphosphate to thiamine pyrophosphate was not influenced by the presence of inhibitor (Table 2) .
DISCUSSION
These observations confirm that the brains of patients with Leigh's disease are deficient in thiamine triphosphate (Cooper et al., 1969; Cooper and Pincus, 1972) and demonstrate for the first time that these same brains have increased amounts of its precursor thiamine pyrophosphate (Fig. 2) There are at least three ways to explain the deficiency of thiamine triphosphate and the accumulation of thiamine pyrophosphate: (1) the enzyme converting thiamine pyrophosphate to thiamine triphosphate (Fig. la) could be inactive; (2) if the enzyme is active, an inhibitor could be blocking its action; or (3) thiamine triphosphate could be converted to thiamine pyrophosphate at an unusually rapid rate-that is, the reverse reaction of Fig. la . The first possibility, an enzyme deficiency, was studied by examining the phosphotransferase activity of the acetone extract of two Leigh's disease brains (see Results section, p. 1102.) According to this study, the phosphotransferase which synthesizes thiamine triphosphate is present and active in the two Leigh's disease brains studied.
The second explanation is more tenable, as an inhibitor to the cerebral synthesis of thiamine triphosphate has been described (Cooper et al., 1969; Murphy et al., 1974) . The presence of this inhibitor in all body fluids, including cerebrospinal fluid (Cooper et al., 1969) , indicates that it could limit the synthesis of thiamine triphosphate in the brains of Leigh's disease patients.
The third explanation cited above suggests that this inhibitor, instead of limiting the synthesis of thiamine triphosphate, could be activating the conversion of thiamine triphosphate to thiamine pyrophosphate. Such an accelerated conversion would give the same changes in the concentrations of thiamine phosphate esters in Leigh's disease brain as seen in Fig. 2 . This alternative hypothesis was evaluated by observing the conversion of thiamine triphosphate to thiamine pyrophosphate in the presence and absence of an inhibiting urine (Table 2) . As the inhibitor did not accelerate the hydrolysis ofthiamine triphosphate under these assay conditions, we assume the inhibitor works by blocking the synthesis of thiamine triphosphate (Fig. la) . We have studied the hydrolysis of thiamine triphosphate on additional occasions and TTP hydrolysis was never accelerated in the presence of an inhibiting urine. It is still possible that the enzyme converting thiamine triphosphate to thiamine pyrophosphate, the reverse reaction of Fig. 1 (Montpetit et al., 1971 ). Wernicke's disease is associated with a deficiency of thiamine and presumably all thiamine esters, whereas Leigh's disease has a deficiency only of thiamine triphosphate. The inhibitor is absent in Wernicke's disease (Cooper and Pincus, 1972) anid present in Leigh's disease. As both conditions have a deficiency of thiamine triphosphate in common, it is possible that this lack of thiamine triphosphate in brain produces the small symmetrical areas of capillary infiltration and necrosis in the base of the brain. It is possible that other unrecognized biochemical similarities could also contribute to the similar pathology. If a deficiency of thiamine triphosphate is producing some of the histological changes, thiamine triphosphate must have a vital r6le in cerebral metabolism (Itokawa and Cooper, 1970b) .
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